During the last hundred years the birth rates on Sundays changed dramatically with a neutral point around 1955. Modern birth regulation is considered as the main reason for that. Medical backgrounds for this situation were discussed in the 1970s. Prior to that no analysis has relevant case numbers. The time from conception to birth measured in days is divisable by 7. The time of conception is relevant in relation to social aspects. Conception rates can be determined under the assumption that we can split up the population in a low and a high risk share. This consideration principally leads to an instable problem on a discrete cyclic space. But using some limiting considerations we get a numerically stable solution with feasible characteristics. For observing long time changes we need a relevant smoothing operator. In numerical calculations we look for a quadratic minimum solution or alternatively a linear program. For the discussion of inequality the concept of Shannon entropy as well as and Lorenz curve and Gini coefficient are relevant.
INTRODUCTION
We will consider, how the birth rate per weekday has changed in the last hundred years using data of the statutory health and care insurances. Reduced birthrates at weekends are usually discussed in the context of elective interventions. Larger birth rates at Sundays at the beginning of the 20th century should be discussed in the social context. One has to take into account that it is not possible to measure real birth rates from 1900-1950 but only the component related to insurance benefits decades later. Even survival rates may depend on weekday of birth. On the other hand the benefits of health insurance may depend on the underlying risk structure. Even the health status ("medical age") may also depend on the weekday of birth. Next we consider different daily birth rates and health costs with respect to the month of birth during different decades of the last century. Social and medical in- 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 fluences cause short and long term changes. In order to avoid large variations we use a 5 year smoothing of data. Interesting points are the day of birth and day of fertilization 100-85 years ago with varying social background. Large amounts of data are required to determine significant statistical effects. For this time period no register data are digitally available in the extend needed. One has to take into account the extensive migration movements during the last 100 years. A possible solution might be given by aggregated digital administrative data of health and care insurances. But precise resolution (day) is rarely available after aggregation has been done for other reasons. The first discussion of the influence of the weekday of birth on a large data base was given in (Macfarlane, 1978) and (Mathers, 1983) using birth data of the seventies, our data focuses on some decades before. Furthermore the number of births with respect to the weekday differs much from the current pattern. Related backgrounds are discussed in the stated references (cf. (Kibele et al., 2013) , (Klein et al., 2001) , (Klein and Unger, 2002) , (Lampert and Kroll, 2014) , (Ma et al., 2012) , (Mackenbach, 2006) , (Schnell and Trappmann, 2006) , (Schuster and Emcke, 2016) , (Ostermann and Schuster, 2015) ). Pregnancy from conception to childbirth is 38 weeks or 266 days long. But there are no large scale measurements for mean values and standard deviations and in particular about deviations from normal distribution. We can divide the population into two subsets with respect to high and low pregnancy risk: X = X 1 + X 2 as random variables. Let s(X) be the standard deviation of X. We use s(X 1 ) < s(X 2 ). It is known from literature that we have 9 < s(X) < 13. We use s(X 1 ) = 1, 2, 3. X 1 leads to increasing peaks, X 2 gives a nearly uniform variation to all days. If fertilization data would be given, the distribution of the random variable length of pregnancy would be a smoothing parameter on cyclic space (with discretization to days of week). But if we have given the birth data and want to derive the weekday distribution of the fertilization we get an inversion operator which tends to be instable. Constraints lead to numerical stabilization. We start with a quadratic-deviations model. Let f(i) be the observed deviation from 1/7 for likelihood of birth at day i (i = 0, 1,...,6) and w(i) the fertilization deviation pattern at day i (i = 0, 1,..., 6). Than d s ( j) shall be the translation of j days by normal distribution with standard deviation s using integer intervals. We look for the quadratic minimum:
MATERIAL AND METHODS
with the constraints −1 < −a < w(i) < b < 1. Practically we use a = b = 1/(7 * 5) in order to limit the deviation for each day with respect to the mean of the week to 20 %. Alternatively we could use linear programming:
For calculations we use Microsoft Excel and Mathematica from Wolfram Research. In order consider the different deviations during the considered time period we use the concept of Shannon entropie ∑ 6 i=0 −p i ln(p i ) for the birth rates p i at day i. The same considerations we can adopt to months instead of the weekdays. Alternative measures of the inequality are given by the Lorenz Curve and the related Gini coefficient. In order to quan-tify the deviation from the equal distribution we define x i = p i − 1/7 and from ∑ 6 i=0 p i = 1 it follows ∑ 6 i=0 x i = 0. The function (1/7 + x) ln(1/7 + x) has the Taylor series: −ln(7)/7 + x(1 − ln(7)) + 7x 2 /2 − 49x 3 /6 + O(x 4 ) . As result we get a constant if we sum up the index i from 0 to 6 (with respect to the weekdays, with respect to the months we have to sum up from 0 to 11). Therefore the entropy reflects a quadratic (non-linear) property with respect to the p i . The Gini coefficient is in contrast to that linear in the p i with weighting coefficients depending of the order up to a constant ∑ 
RESULTS
If we use data of the care insurance from 1998-2006, we can consider deviations of the birth rates back to 1905 in Figure 3 . On Saturdays and Sundays we have increased birth rates, lower ones on Tuesdays and Wednesdays. The J 1905-1909 J 1910-1914 J 1915-1919 J 1920-1924 J 1925-1929 Figure 3: Deviations of birth rates in dependence of the weekday (care insurance data).
other weekdays are somewhere between with instabilities with respect to time periods. One has to take into consideration that only about 20% of the people ever get benefits of care insurance. In contrast to this the great majority of older people gets at least one drug each year. If we use drug prescription data of 2006 we get the distribution of birth rates in Figure 4 . There J 1905-1909 J 1910-1914 J 1915-1919 J 1920-1924 J 1925-1929 Figure 4: Deviations of birth rates in dependence of the weekday (health insurance data).
Deviations in the weekday of birth (weighted)
are The weekdays with increased and reduced costs do not match those of increased and reduced birth rates. The 1.51% increased drug costs of patients born on Saturdays can be interpreted as having a one year higher biological age than calendar age. On the other hand the people born on Thursdays are one year younger biologically. Using the data of care insurance, we find a relevant gender dependent difference in the birth rates on Sundays, cf. Figure 6 . 1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 w m Figure 6 : Deviations of the birth rates on Sundays with respect to gender.
Deviation of birth rates on Sundays in dependence of gender
Next we consider subgroups with respect to the social status. We use additional payment as a proxy. Social week patients show an even higher increase in birth rates on Sundays but no significant differences in reduced birth rates on Tuesdays. We can compare the rate changes on Thursdays and Sundays directly, cf. Figure 9 and 9.
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-4,0% Additionally we can use social information using the type of insurance, cf. Figure 11 . 1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 year deviation social week none week Figure 11 : Birth rates on Sundays in dependence of the social status using health insurance type.
Deviations for birth rates on Sundays in dependence of socials status due to insurance type
We will consider the low risk population and calculate the different fertility rates by the considered quadratic-deviations model with standard deviations 1, 2 and 3 and a limitation of the rate deviations by 20%, cf. Figure 12 . We see that in general the effects at Saturday and Sundays are increased, the effects at Tuesdays and Wednesdays are reduced. We have used the 20% value in order to limit instabilities. If we would use values from 10% to 25%, we would get the same result for the distribution to the weekdays. Unfortunately we get no further information about a true limit value. Shannon entropy and Gini coefficients have the same behavior with respect to local maxima and minima. Additionally we can use social information using the type of insurance, cf. 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 Figure 13: Shannon entropy with respect to the weekdays of birth in dependence of 5 year periods. 20% 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 Figure 14: Gini coefficient with respect to the weekdays of birth in dependence of 5 year periods.
Gini coefficient (x 1000)
Both results show the global minimum for the year 1955. We remember that this year separates the age of increased and that of reduced Sunday birth rates.
There is a different resolution between the entropy and the Gini result. The Shannon entropy result uses a nonlinear effect but does not order the used rates, the Gini result is linear but uses ordered rates. Thereby it is interesting that both results coincide so much. Till now we have considered the weekday period. It is also interesting to consider months. 20% 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 1910-1930 1935-1980 1910-1980 1960-1980 Figure 16: Deviations in drug costs in dependence of the month of birth during different historical periods.
If we consider the period from 1920 till 1980, we have increased costs during the first half of the year and reduced costs during the second half of the year. One explanation could be, that the month of birth has different influences due to the historical period of birth. On the other hand the effect can depend on the age of the persons. We compare the mean effect for birth rates and drug costs from 1920 till 1980 with respect to the quarters of the year, we see that generally increased birth rates and health status measured by drug costs behave reverse, cf. Figure 17 . 1910-1930 1960-1980 Figure 18: Deviations in drug costs in dependence of the month of birth during different historical periods.
The highest difference we have at quarter two. It can be a consequence of different historical health conditions near to birth. An other explanation would be an age dependent effect.
CONCLUSIONS
In order to consider the time between birth and measurements using data of health and care insurance the following statements and guesses can be made regarding the results. In scenario 1 more births measured in insurance data can be caused by more real births in the considered time [1915] [1916] [1917] [1918] [1919] [1920] [1921] [1922] [1923] [1924] [1925] [1926] [1927] [1928] [1929] [1930] . That can be due to different conception and/or fertilization possibilities depending on the day of the week. A bias may be caused by migration. In scenario 2 the day of birth may causes different survival expectancies in the critical first three days after birth and the related health conditions during these days. That is why we analyze drug costs in dependence of the day of birth. As we already stated, drug costs increase in the mean by 1.5 % per year between the considered two age groups. As a modeling consideration one can use drug costs as a proxy for biological age, comparing it with calendar age. Due to the considered age dependent drug cost increase we can suspect a strong connection to the residual life expectancy. Thursday births around 90 years ago have a one year higher residual life expectancy. Saturday births have a one year lower residual life expectancy, Sunday births have 4 months higher residual life expectancy. In contrast to the situation stated in Macfarlane (1978) lower perinatal mortality rates at weekends can be caused by the fact that quality of care was higher due to family background. In those times specialist obstetric services have been less common compared to later decades. It is quite important, that the psycho-social near birth circumstances 90 years ago may induce significant differences today.
